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Abstract

In this paper, we present climatic factors affecting radial growth of Uludag fir (Abies nordmanniana
(Stev.) Spach. subsp. bornmuelleriana (Mattf.) Coode&Cullen) from Kiire, Kastamonu. Tree-ring
measurement series obtained from Kose et al. (2010) were re-analyzed to investigate tree-ring growth -
climate relationship. We developed a 120 year-long Uludag fir chronology. Residual chronology was
preferred for dendroclimatological analysis. The mean sensitivity value of the residual chronology was
calculated to be 0.23. Uludag fir trees in this area described to be climatically sensitive. Response function
analysis was used to identify relationships between tree-ring width and climate. The results showed that
high precipitation in January, high temperature in May-June and low precipitation in the period of
February - August were limiting factors on the ring width of Uludag fir.
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1. Introduction

The climatic factors effecting ring width of a
particular tree species change throughout its natural
distribution area (Fritts, 1976). Dendrochronology,
the science of dating based on tree-ring patterns
(Fritts, 1976), has been used to answer scientific
questions of climatology, ecology, geomorphology,
archeology and forestry, etc. for more than a century.
In Turkey, using dendrochronological methods, the
climatic factors affecting radial growth of the most
important tree taxa were described for Pinus nigra
Arn. by Akkemik and Aras (2005), Akkemik et al.
(2008,) Kose et al. (2011), Touchan et al. (2003,
2005a); for Pinus sylvestris L. by Akkemik et al.
(2008), Touchan et al. (2005a); for Pinus brutia
Ten. by Touchan et al. (2003, 2005a); for Pinus
pinea L. by Akkemik (2000a); for Cedrus libani A.
Rich. by Akkemik (2003), Touchan et al.(2003,
2005a); for Abies cilicica Carr. by Akkemik (2000b);
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for Juniperus excelsa Bieb.by Touchan et al. (2003,
2005a, b, 2007); for Fagus orientalis Lipsky. by
Akkemik and Demir (2003) and for Quercus petraea
(Matt.) Liebl. by Akkemik and Dagdeviren (2000).
According to the results of these studies, a strong
relationship  between  tree-ring  width and
precipitation has been reported. Based on the
findings of these studies we now know that valuable
results related to past precipitation can be obtained
(D’Arrigo and Cullen, 2001; Hughes et al., 2001;
Touchan et al., 2003, 2005a, 2005b, 2007; Griggs et
al., 2007; Akkemik and Aras, 2005; Akkemik et al.,
2005, 2008; Kose et al., 2005, 2011) when this
relationship is significant and tree-ring chronologies
are long enough.

Although climatic factors affecting tree-ring
growth of black pine for different habitats have been
described and classified (Kose, 2007), our
knowledge of factors affecting tree-ring growth of
other trees is limited. Similarly, there is a dearth of
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research on the natural fir taxa in Turkey. Uludag fir
(Abies nordmanniana (Stev.) Spach. subsp.
bornmuelleriana (Mattf.) Coode&Cullen),
subspecies of Caucasian fir, is commonly distributed
in western Black Sea and Marmara regions of
Turkey. The elevational distribution of the species is
1100-1800 m, and rarely grows in upper forest
limits (Akkemik and Oral, 2011). It is generally
adapted to the humid conditions (Mayer and Aksoy,
1998).  Saracoglu  (1989) investigated the
relationships  between site index and site
characteristics in the uneven aged fir stands of the
Black Sea Region. The result of his study revealed
that trees prefer humid and warm areas more than
extreme humid and cold areas. In addition,, he found
that their optimum elevational range is between
1000 and 1500 m and their site index decreases at
the lower and upper elevations.

Akkemik (2000b) built a master chronology
for Cilician fir (Abies cilicica (Ant. & Kotschy)
Carr.) from three separate sites of Taurus Mountains
(Bucak-Katran, Akseki-Imrasan and Gazipasa-
Karatepe) and investigated tree-ring growth-climate
relationships. He found that high summer
temperature and low spring-early  summer
precipitation are limiting factors on the ring width of
the species. In this paper, we present climatic factors
affecting radial growth of Uludag fir from
Kiire,Kastamonu.

2. Material and Methods

2.1. Description of study site

The study site is located in Kastamonu, Kiire,
Kayaarkast Mahallesi (41°54'15"N, 33°39'28"E)
(Figure 1). The altitude is 800 m and slope is 10% in
the study site. Dominant tree taxa in the site is
Uludag fir. Total annual precipitation and mean
annual temperature of Kastamonu meteorological
station (1930-2000) are 464 mm and 9.7 °C,
respectively (Kose et al., 2010). The highest
snowpack during the years between 1975 and 2010
was recorded to be 38.0 cm in February 9, 1987
(DMI, 2011). The water budget of the Kastamonu
meteorological station was calculated based on
Thornthwaite’s method (Cepel, 1995) (Figure 2).
The precipitation and potential evapotranspiration
values become equal in April in this area, soil water
is consumed in May-June period, and a water deficit
occurs from July to October. The study site is
located at the lowest elevation of Uludag fir,
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therefore total precipitation values are quite low for
this taxa.

2.2. Tree-ring chronology development

We used the tree-ring measurement series
obtained from Kose et al. (2010), which were
sampled from undamaged areas by avalanches to
build a reference chronology. Samples were taken
from ten living Uludag fir trees.. Two cores were
obtained from opposite sides of each tree stem.
Samples were sanded and cross-dated using standard
dendrochronological techniques (Stokes and Smiley,
1968). Tree-ring widths were measured with 0.01
mm  precision using LINTAB-Tsap measurement
system (RinnTech, Germany). The COFECHA
software was used to test the accuracy of
measurements (Holmes, 1983; Grissino-Mayer,
2001).

In this research, we re-analyzed these series
to describe the effect of climatic factors on tree-ring
growth of Uludag fir. Each tree-ring measurement
series were standardized by fitting a linear or
negative exponential regression equation. Then, low-
order autoregressive models were applied to
standardized series. Bi-weight robust mean were
used to build a site chronology (Cook, 1985; Cook et
al., 1990a, 1990b). The site chronology was coded as
KUR. All these analysis were performed using
ARSTAN software (Cook, 1985; Grissino-Mayer et
al., 1996).

2.3. ldentifying relationship between
tree-ring width and climate

Response function analysis (Fritts, 1976) was
used to identify relationships between tree-ring
width and climate. The advantage of this method is
that it removes the correlations between climate
variables and converts them into principle
components, which are orthogonal and uncorrelated
(Fritts, 1976). Monthly total precipitation and
monthly mean temperature values of Kastamonu
meteorological station (1930-2000) were used in the
analysis. Response function coefficients were
calculated for the duration of the biological year
(from October of the previous year to September of
the current year). This analysis was performed using
DENDROCLIM2002 software (Biondi and Waikul,
2004).
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Figurel. Study area. "KUR" and "Kastamonu" represent site chronology and Kastamonu meteorological station

places, respectively.
Sekil 1. Arastirma alani. "KUR", y6re kronolojisini, "Kastamonu", Kastamonu meteoroloji istasyonunun yerini

gostermektedir.
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Figure 2. The water budget of Kastamonu meteorological statation based on Thornthwaite method.
Sekil 2. Kastamonu meteoroloji istasyonunun Thornthwaite yontemine gore hazirlanmis su bilangosu.
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3. Results and Discussion

3.1. Tree-ring chronology

We developed a 120 year-long Uludag fir
chronology (KUR) from Kastamonu-Kiire in this
research (Table 1). The residual chronology (Figure
3), which keeps strong climatic signal, was used to
reveal radial growth-climate relationships. Mean
correlations, explained variance by first eigenvector
and signal to ratio values, which represent common

ring-width signal between trees, were higher for
residual chronology. The mean sensitivity value of
the residual chronology was 0.23. Uludag fir trees in
this area can be described to be climatically
sensitive. Ozkan and Akbulut (2003) calculated
mean sensitivity for Caucasian fir from Giimiishane
Oriimcek Forest to be 0.13 and stated that the
species was too complacent. Akkemik (2000b) found
this value to be 0.18 for Cilician fir of
Mediterranean region of Turkey.

Table 1. Summary statistics of standard and residual chronologies from the ARSTAN program
Tablo 1. ARSTAN programindan elde edilen Standart ve residual kronolojileri ait dzet istatistikler

Standard /' Residual /
Chronology type / Kronoloji tipi Standart Residual
Mean / Ortalama 0.9377 0.9843
Median / Medyan 0.9350 0.9955
Mean sensitivity / Ortalama duyarlilik 0.2212 0.2334
35 _ Standard deviation / Standart sapma 0.2378 0.1989
g g g Skewness / Carpiklik katsayisi -0.0139 -0.2238
= ‘E ~  Kurtosis / Basiklik katsay1s -0.4287 0.5686
283
Sad
S Autocorrelations /Otokorelasyonlar:
t-1 0.4484 -0.0034
t-2 0.0353 -0.0927
t-3 -0.0598 -0.0434
Mean correlations / Ortalama korelasyonlar:
Among all radii / Tiim kalemler arasinda 0.232 0.364
Between trees / Agaclar arasinda 0.208 0.348
Radii versus mean / 0.519 0.619
= Ortalama ile kalemler arasinda
=
E §8| Signal-to-noise ratio / Sinyal-giiriiltii oran1 2.101 4.272
S %W Agreement with population chronology / 0.678 0.810
E LR .
€ O Populasyon kronolojisi ile uyum
o Variance in first eigenvector (%) / 30.46 42.00
Birinci 6zvektoriin varyanst /
Chronology common interval mean / 0.970 0.984
Kronoloji ortak aralik ortalamasi
Chronology common interval standard deviation/  0.219 0.198

Kronoloji ortak aralik standart sapmast
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Figure 3. Site chronology (KUR) of Uludag fir for Kastamonu-Kiire.
Sekil 3. Kastamonu-Kiire'deki Uludag goknari agaglart yore kronolojisi (KUR).

3.2. The effect of precipitation and
temperature on tree-ring growth

The response function analysis results are
shown in Figure 4. The results show that there was
no significant response function coefficients
associated with temperature. Almost all coefficients,
except those in May and June, were very close to
zero. Higher temperature values in May and June
had a negative effect on tree-ring width.

The most important limiting factor on radial
growth of Uludag fir was precipitation. Our samples
were taken from lower elevational areas of Uludag
fir trees. It is well known that when temperature
decreases, precipitation increases with altitude.
Therefore, we expected that trees growing at lower
elevational areas would be under the stress of lower
precipitation (Fritts, 1976).

The results of the study show that the effect
of precipitation on tree-ring width was generally
positive. This positive effect was significant for
April and June of current year. Uludag fir trees need
precipitation during the vegetation period in this
area. The results of previous dendroclimatological
researchers support this finding. These findings
revealed that higher precipitation in vegetation
period, especially in May and June, result in wider
tree-ring width in Anatolia (Touchan et al., 2003,
2005a, 2005b, 2007; Akkemik and Aras, 2005;
Akkemik et al., 2005, 2008; Kose et al., 2011).
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The most distinctive and significant negative
effects of precipitation occurred in February. Higher
precipitation caused narrow tree-ring width. In this
month, trees are dormant in Turkey. However,
climatic conditions during the dormant session affect
tree-ring width of the following vegetation period.
High snowpack may cause soil temperatures to
decrease and delay the beginning of the vegetation
period. Also, when evapotranspiration increases due
to increased air temperature, soil temperature may
drop because of deep snowpack. Therefore, the trees
will be affected longer and more intensively by frost
drought (Thomsen, 2001).

Our results suggest that the effect of
temperature and precipitation should be considered
together. In this sense, both lower precipitation in
vegetation period (especially in April and June) and
higher temperature in May-June may increase
drought risk and cause narrow ring formation.
According to water budget (Fig 2), soil water is
consumed in this period in the study area. Similar
results were found by Akkemik and Demir (2003)
for the oriental beech trees (Fagus orientalis
Lipsky.) from lower elevation area (Istanbul) of the
species. In their research, they claimed that higher
temperatures in  May-June cause soil drought,
therefore oriental beech trees need high precipitation
in these months.
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Figure 4. Response function results of Uludag fir chronology. Months were arranged from previous October
(E/O) to current September (E/S). '*' represents statically significant months (p<0.05).
Sekil 4. Uludag goknar1 kronolojisine ait tepki fonksiyonu sonuglari. Aylar onceki yilin ekim aymdan (E/O),
halka olusum yilinin eyliil (E/S) ayina kadar olan dénem i¢in siralanmigtir. '*' isareti istatistik olarak
anlamli olan aylar1 ifade etmektedir (p<0.05).

Response function analysis results show that
tree-ring growth of Uludag fir was affected
positively by  February-August  precipitation,
whereas it was affected negatively by January
precipitation and May-June temperature. To better
understand the collective effect of these factors on
radial growth, the residual chronology and climatic
factors (February-August total precipitation, January
precipitation and May-June mean temperature) were
drawn together in the period of 1930-2000 (Figure

5). For example, the highest tree-ring index was
calculated for the year 1933. In this year, the reason
for large tree-ring width formation was low
precipitation value (5 mm) in January, besides the
higher precipitation during the February-August
period. On the contrary, in 1935 and 1985, narrow
tree-rings were observed, because of the collective
effect of both high precipitation in January and
drought stress caused by low precipitation in
February-August and high temperature in May-June.
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The highest snow depth was measured in January in
this area (DMI, 2011). High precipitation, which
occurs as snow in January may delay the start of the
growing season and cause frost drought (Thomsen,
2001), therefore trees may produce narrow rings.
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Although, February-August total precipitation value
(296 mm) is very close to the mean, narrow ring
widths were observed in 1968. High precipitation in
January and high temperatures in May-July lead to
narrow  ring  formation in this  year.

1985

February-August total PPT (mm) /
Subat-agustos toplam yagis (mm)

January PPT (mm) /
Ocak yagisi (mm)

%)

May-June temperature (C°) /

Mayis-Haziran sicaklik (

1940

1950 1960

1970

Years / Yillar

Figure 5. Residual chronology, February-August total precipitation, January precipitation and May-June mean

temperature in the period of 1930-2000.
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Sekil 5. 1930-2000 déneminde residual kronoloji, subat-agustos toplam yagisi, ocak yagisi,mayis-haziran

ortalama sicakligi.

In this research, we built al20 years-long
climate sensitive tree-ring chronology for Uludag fir
from Kastamonu-Kiire and identified the effect of
temperature and precipitation on radial growth.
Today, the number of studies on the possible
response of the forest to climate change scenarios
are increasing. In this sense, these findings will
provide useful information for prospective studies
related to climate change-forest composition
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Iklim Faktorlerinin Kiire-Kastamonu'da Dogal Yetisen Uludag Goknarinin
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Kisa Ozet

Kiire - Kastamonuda'daki Uludag goknarinin yillik halka genisligini etkileyen iklim faktorlerinin
degerlendirildigi bu malkalede, yillik halka gelisimi - iklim iliskilerini ortaya koymak icin, Kose ve ark.
(2010) tarafindan olusturulan yillik halka 6l¢iim serileri yeniden analiz edilmis ve Uludag goknari icin 120
yil uzunlugunda bir yillik halka kronolojisi olusturulmustur. Dendroklimatolojik analizlerde residual
kronoloji tercih edilmistir. Residual kronolojinin ortalama duyarhhk katsayisi 0,23 olarak hesaplanmis ve
bu yoredeki Uludag goknarlarimin iklime duyarh oldugu belirlenmistir. iklim ile yillik halka genisligi
arasindaki iliskilerin belirlenmesinde tepki fonksiyonu yontemi kullanilmustir. Tepki fonksiyonu analizi
sonuclarl, ocak ayindaki yiiksek sicakliklar ile subat-agustos donemindeki diisiik yagislar ve mayis-
haziran aylarindadaki yiiksek sicakhiklarin yillik halka gelisini stmrlandirdigim goster mistir.

Anahtar Kelimeler: Dendroklimatoloji, sicaklik, yagis, tepki fonksiyonu analizi, Uludag goknari

1. Giris Cedrus libani A. Rich. (Akkemik, 2003; Touchan ve
ark., 2003, 2005a), Abies cilicica Carr. (Akkemik,
Agaglarin dogal yetisme ortamlarinda, yillik 2000b), Juniperus excelsa Bieb. (Touchan ve ark.,
halka genislikleri iginde bulunduklari iklim 2003, 2005a, b, 2007), Fagus orientalis Lipsky.
faktorlerinin  etkisine  bagh  olarak  biiyiik (Akkemlk_ ve Demir, 2003) ve Quercus petraea
degiskenlikler  gostermektedir  (Fritts,  1976). (Matt.) Liebl'nin (Akkemik ve Dagdeviren, 2000)
Agaclarm yillik halkalarma dayanarak yas saptama ¢esitli yetisme ortamlarinda yilhik halka gelisimini
bilimi olarak tamimlan Dendrokronoloji (Fritts, sinirlandiran iklim faktorleri belirlenmistir. Buna
1976), yiiz yildan uzun siiredir klimatoloji, ekoloji, gore, iilkemiz genelinde Ozellikle mayis-haziran
jeomorfoloji, arkeoloji, sanat tarihi ve ormancilik dénemi toplam yagislan ile yillik halka genisligi
gibi bir ¢ok bilim dalinda gesitli bilimsel sorulari arasinda  O6nemli bir iliskinin  varhg ortaya
yanitlamak igin kullanilmaktadir. Dendrokronoloji konmugtur. Bu iligkilerin istatistik olarak anlamli
bilim dali yardimuyla iilkemizde, basta Pinus nigra sonuglar verdigi ve yillik halka kronolojilerinin
Amn. (Akkemik ve Aras, 2005; Akkemik ve ark., yeterli uzunlukta oldugu durumlarda yagis tarihine
2008; Kose ve ark., 2011; Touchan ve ark., 2003, iligkin de dnemli sonuglara ulagilmistir (D Arrigo ve
2005a) olmak {izere, énemli orman agaclarimizdan Cullen, 2001; Hughes ve ark., 2001; Touchan ve
Pinus sylvestris L. (Akkemik ve ark., 2008; Touchan ark., 2003, 2005a, 2005b, 2007; Griggs ve ark.,
ve ark., 2005a), Pinus brutia Ten. (Touchan ve ark., 2007; Akkemik ve Aras, 2005; Akkemik ve ark.,
2003, 2005a), Pinus pinea L.(Akkemik, 2000a), 2005, 2008; Kose ve ark., 2005, 2011).
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Karagamin  Tiirkiye'deki dogal  yayilis
alanlarinda radyal biiylimesini etkileyen iklim
faktorleri yapilan arastirmalarla biiyiik Olciide
tammmlanmig  ve smiflandirilmig  (Kése  2007)
olmasina ragmen, bir ¢ok orman agaciyla ilgili
bilgimiz belli yetisme ortamlariyla sinirlidir. Benzer
sekilde, dogal goknar taksonlarimizla ile ilgili de
heniiz yeterli diizeyde c¢aligma bulunmamaktadir.
Dogu Karadeniz goknarinin endemik bir alt tiirii
olan Uludag goknar1 (Abies nordmanniana (Stev.)
Spach. subsp. bornmuelleriana (Mattf.)
Coode&Cullen), genel yayiligim Bati Karadeniz ve
Marmara Bolgelerinde yapmaktadir. Diisey yayilist
cogunlukla 1100-1800 m'ler arasinda yer almakla
birlikte bazen orman {ist smirma kadar ¢gikmaktadir
(Akkemik ve Oral, 2011). Genel olarak nemli
kosullara uyum saglamigtir (Mayer ve Aksoy, 1998).
Saragoglu  (1989),  degisik  yash  goknar
mescerelerinde bonitet ve yetisme ortami 6zellikleri
arasindaki iliskileri ortaya koydugu calismasinda,
goknar agaclarmm asirt nemli ve soguk bakilardan
cok, nemli ve daha sicakga bakilar1 tercih ettigini
belirtmektedir. Ayrica, goknar ormanlarinin en iyi
gelisimini  1000-1500 m yiikseklikler arasinda
yaptigini, bu yiikseklik sinifindan uzaklastikca
bonitet endeksinin diistiigiinii ortaya koymustur.

Akkemik (2000b), Bucak-Katran Dagi,
Akseki-imrasan Dag ve Gazipasa Karatepe'deki
Toros goknar1 agaglarindan bir ana kronoloji
olusturmus ve bu agag tiirlinde iklim-yillik halka
gelisimi  arasindaki iligkileri incelemistir. Yaz
aylarindaki yiliksek sicakliklar ile bahar ve erken yaz
donemindeki diisiik yagislarin Toros goknarinin
yillik halka genisligini sinirlandigmmi belirlemistir.
Bu makalede amag, Kiire-Kastamonu'da dogal
yetisen Uludag goknari agacglarinin yillik halka
gelisimi ile iklim faktorlerinden sicaklik ve yagis
arasindaki iligkileri ortaya koymaktir.

2. Materyal ve Yontem

2.1. Arastirma alaninin tanimi

Kastamonu, Kiire, Topgular Koyt,
Kayaarkast Mahallesi mevkiinde (41°54'15"N,
33°39'28"E) yer alan arastirma alaninin ortalama
yiiksekligi 800 m, egimi %10'dur (Sekil 1). Alandaki
asli agag tlirii Uludag goknari'dir. Arastirma alanina
en yakin meteoroloji istasyonu olan Kastamonu
Meteoroloji Istasyonuna gore toplam yillik yagis
(1930-2000 yillar1 arasinda) 464 mm ve yillik
ortalama sicaklik 9,7 °C'dir (Kdse ve ark., 2010). En

79

yiiksek kar (1975-2010 willart arasinda), 9 Ocak
1987 giinii 38,0 cm olarak 6l¢iilmiistiir (DMI, 2011).
Kastamonu Meteoroloji Istasyonu'nun Thornthwaite
yontemine gore hazirlanan su bilangosu (Cepel,
1995) Sekil 2'de goriilmektedir. Buna gore, nisan
ayinda yagis ve potansiyel evapotranspirasyon
degerleri esitlenmekte, olusan su fazlast mayis-
haziran aylarmda harcanmakta, temmuz-ekim
doneminde ise toprakta su agigi meydana
gelmektedir. Alan genel olarak, bu géknar alttiiriiniin
alt yayilis alanini olusturmakta ve bu alttiir icin
yillik toplam yagis1 oldukea diisiiktiir.

2.2, Yilhk
olusturulmasi

halka kronolojisinin

Bu ¢alismada, Kése ve ark. (2010) tarafindan
Kastamonu'da yilik halkalara dayanarak ¢1§
sinirlarmm ~ belirlenmesi ~ konusunda  yapilan
aragtirmada ana kronoloji olusturmak amaciyla
alman orneklere ait 6lgiim sonuglar1 kullanilmustir.
Her agacn karsilikli iki yoniinden olmak iizere
toplam 10 agactan 20 artim kalemi alinmistir.
Laboratuara getirilen artim kalemleri ahsap
tasiyicilara yapistirilmig, yillik halkalarin net bir
sekilde goriilebilmesi i¢in zimparanmis ve standart
dendrokronolojik teknikler kullanilarak elestirme
yapilmistir (Stokes ve Smiley, 1968). Daha sonra
artim kalemleri iizerindeki her bir yillik halka
LINTAB-TSAP wyillik halka o6l¢im  sistemi
kullanilarak 0,01 mm duyarlilikta &l¢iilmiistiir.
Olgiimlerin ~ dogrulugu ~ COFECHA  programi
(Holmes, 1983; Grissino-Mayer, 2001) kullanilarak
denetlenmistir.

Yukarida verilen siire¢ sonuncunda Kose ve
ark. 2010 tarafindan elde edilen Olgiim degerleri,
Uludag goknarmin yillik halka genisligi {izerinde
etkili olan iklim faktérlerini belirlemek amaciyla bu
calismada yeniden analiz edilmistir. Her bir yillik
halka genisligi serisi lineer veya negatif iistel bir
fonksiyon kullanilarak standardize edilmistir. Bu
islem, zaman  serisi  tlzerindeki  iklimden
kaynaklanmayan trendleri (ozellikle yasa bagh
etkiler veya mescere dinamiginin aga¢ biiylimesi
iizerindeki etkileri) uzaklastirmayi saglamaktadir.
Standardize edilen serilere, otoregresif modeller
uygulanarak onceki yillarin yillik halka genisliginin,
o wyilin yillik halka genisligi Ttzerindeki etkisi
uzaklastirilmistir (Cook, 1985). Daha sonra her bir
ornege ait indis degerlerinden bi-weight robust
ortalama yontemi kullanilarak bir yore kronolojisi
olusturulmustur (Cook, 1985; Cook ve ark., 1990 a,
1990b). Yore kronoloji KUR olarak kodlanmistir.
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Tim bu analizler ARSTAN program: kullanilarak
(Cook, 1985; Grissino-Mayer ve ark., 1996)
yapilmistir. Programun irettigi  kronolojilerden,
"standart kronoloji" sadece standardizasyon islemi
yapilan bireysel serilerin, "residual kronoloji" ise
standardizasyon isleminden sonra otoregresif model

uygulanan  serilerin  ortalamasindan  meydana
gelmektedir.
2.3. Yihk halka genisligi ile iklim

arasindaki iliskilerin belirlenmesi

Yillik halka genisligi ve iklim arasindaki
iligkilerin belirlenmesinde tepki fonksiyonu yontemi
(Fritts, 1976) kullanilmistir. Bu yontemin {istiinlig,
iklim degiskenleri arasindaki korelasyonun, bu
degiskenlerin temel bilesenler olarak ifade edilen ve
birbiriyle iliskisi olmayan yeni bir veri setine
doniistiiriilmesiyle ortadan kaldirilabiliyor olmasidir
(Fritts, 1976). Analizlerde iklim verisi olarak
Kastamonu Meteoroloji Istasyonuna ait 1930-2000
donemi aylik toplam yagis ve ortalama sicaklik
degerleri  kullanilmistir.  Tepki  fonksiyonun
hesaplanmasinda biyolojik yil (Fritts, 1976) esas
alinmis, onceki yilin ekim aymdan halka olusum
yilinin eyliil ayina kadar olan dénemdeki aylik
ortalama sicaklik ve aylik toplam yagis degerleri
bagimsiz degisken, yillik halka kronolojisi bagimli
degisken olarak girilmisgtir. Islemler
DENDROCLIM2002 programinda (Biondi ve
Waikul, 2004) yapilmistir.

3.Bulgular ve Tartisma

3.1. Yilhk halka kronolojisi

1887-2006 donemini kapsayan 120 yil
uzunlugundaki standart ve residual kronolojilere ait
istatistik  sonug istatistik sonuglar Tablo 1'de
verilmistir. Bu arastirmada, yilik halka geligimi-
iklim  arasindaki  iligkilerin  belirlenmesinde
otokorelasyonu ortadan kaldiran ve kuvvetli bir
sekilde iklim sinyallerini yakalayan residual
kronoloji kullanilmustir (Sekil 3). Ayrica agaglar
arasindaki ortak sinyalin giinii ifade eden birinci
Ozvektoriin ~ varyansi, sinyal/giliriiltic  oran1  ve
ortalama  korelasyon degerlerinin  residual
kronolojide daha yiiksek oldugu goriilmektedir.
Residual kronolojide, agaglarin iklime duyarliligini
ifade eden ortalama duyarlilik katsayis1 0,23 olarak
hesaplanmisti.  Ozkan ve  Akbulut  (2003)
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Giimiishane ~ Oriimcek  Ormanlarindaki ~ Dogu
Karadeniz goknar1 i¢in bu degeri 0.,13 olarak

hesaplamis ve bu agaglari duyarsiz olarak
nitelendirmistir. ~ Akkemik  (2000c),  Akdeniz
Bolgesindeki Toros goknart agaglar1 igin  bu

katsayty1 0,18 olarak hesaplamistir. Bu anlamda,
Kastamonu-Kiire'deki Uludag goknar1 agaglarmin
iklime duyarli oldugu séylenebilir.

3.2. Sicakhk ve yagisin yilhk halka
gelisimi iizerindeki etkileri

Aylik ortalama sicaklik ve toplam yagisin
Kastamonu, Kiire'deki Uludag goknar1 agaglarinin
yillik halka gelisimi iizerindeki etkisini ifade eden
tepki fonksiyonu analizi sonuglar1 Sekil 4'de
goriilmektedir. Sicakligm yillik halka gelisimi
lizerindeki etkisini gosteren tepki fonksiyonu
katsayilar1 anlamli degildir. Halka olusum yilinin
mayis ve haziran aylar1 disinda ortalama sicakligin
etkisi 0'a yakin katsayilarla ifade edilmektedir.
Mayis ve haziran aylarindaki yiiksek sicakligin yillik
halka genisligi ilizerinde negatif bir etkisi
goriilmektedir.

Tepki fonksiyonu analizi sonuglari, bu yorede
yillik halka genisligini sinirlayan en 6nemli iklim
faktoriiniin ~ yagis  oldugunu  gostermektedir.
Arastirma alani, alttiiriin dogal yayilis alanmin alt
sinirinda  yer almaktadir. Sicakligin  yiikseklikle
dogru orantili olarak distigii ve yagisin ise
yiikseldigi goz oniine alindiginda, Fritts (1976) in
de belirttigi gibi diisey yayilis alanlarinin st
sinirinda yetisen agaglarin diisiik sicakliklarin, alt
sinirinda yetisen agaclarin ise diigiikk yagisin stresi
altinda olmasi beklenen bir sonugtur.

Yagisin yilik halka gelisimi iizerindeki etkisi
genel olarak ve ozellikle vejetasyon mevsiminde
pozitiftir. Bu pozitif etki, halka olusum yilinin nisan
ve haziran aylarinda anlamlidir. Bu yorede Uludag
goknar1 agaglart vejetasyon donemi boyunca yagisa
ihtiyag duymaktadir. Onceki dendroklimatolojik
calismalarin sonuglar1 bu bulguyu desteklemektedir.
Bu arastirmalar, Anadolu'da vejetasyon donemindeki
Ozellikle mayis-haziran aylarindaki  yagislarin
agaclarda genis wyillik halka olusumuna neden
oldugunu gostermistir (Touchan ve ark., 2003,
2005a, 2005b, 2007; Akkemik ve Aras, 2005;
Akkemik ve ark., 2005, 2008; Kose ve ark., 2011).

Yagisin yillik halka gelisimi iizerindeki en
belirgin ve anlamli negatif etkisi ocak ayinda
goriilmektedir. Ocak ayindaki yiiksek yagislar, dar
yillik halka olusumuna neden olmaktadir. Ulkemizin
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iklim kosullarinda ocak ayinda agaglar duraklama
doneminde olmasma ragmen, bu dénemdeki iklim
kosullari, izleyen vejetasyon doénemindeki yillik
halka gelisimi lizerinde etkili olabilmektedir. Derin
kar kalinligi toprak sicakliginin diismesine neden
olarak  vejetasyon déneminin baglamasini
geciktirebilir. Ayrica yiikselen hava sicakligima bagh
olarak evapotranspirasyon artarken, kalin bir kar
tabakasinin topragin 1smmasimi geciktirmesi, kig
yagislariyla negatif iligkinin bagka bir nedeni
olabilir. Bu nedenle, eger kar topragin isinmasini geg
bahara ertelerse, agaglar soguktan kaynaklanan
fizyolojik kurakliktan daha yogun ve daha uzun siire
zarar gorebilmektedirler (Thomsen, 2001).

Sicaklik ve yagisin yillik halka gelisimine
etkisi birbirinden bagimsiz disiiniilemez. Bu
anlamda, Uludag goknar1 agaglarinin vejetasyon
donemindeki (6zellikle nisan ve haziran aylarmdaki)
diisiik yagislar ve mayis-haziran ayindaki yiiksek
sicakliklarin ~ birlikte  etkisi  kuraklik  riskini
arttiracagl, dar yillik halka olusumuna neden olacagi
sOylenebilir. Benzer bir sonu¢ Akkemik ve Demir
(2003) tarafindan, alt yetisme ortamidaki (Istanbul)
dogu kaymi agaclarinda yapilan yilik halka
analizleriyle ortaya konmustur. Arastirmada, mayis-
haziran aylarindaki yiiksek sicakliklarin topragin
kurumasma neden oldugu i¢in bu aylarda dogu
kayinin radyal gelisimi i¢in yagisa ihtiya¢ duydugu
ifade edilmektedir.

Tepki fonksiyonu sonuglarina gore, yillik
halka genigligi ile subat-agustos donemindeki
yagiglarin pozitif, ocak aymndaki yagisin ve mayis-
haziran doénemindeki sicakliklarin ise negatif bir
iliskisi vardir. Bu faktorlerin yillik halka gelisimine
birlikte etkisinin daha iyi anlasilabilmesi icin
residual kronoloji ile radyal biiyiimeyi etkileyen
iklim faktorleri (subat-agustos toplam yagisi, ocak
ayl yagisi, mayis-haziran ortalama sicaklik
degerleri) 1930-2000 araliginda ¢izdirilmistir (Sekil
5). Ornegin, bu dénemdeki en yiiksek yillik halka
indisi degeri 1933 yilina aittir. Bu yilda agaclarin
genis yillik halka olusturmasinin nedeni, subat-
agustos donemindeki yiiksek yagislarin yaninda,
yorenin ocak ayinda oldukga diisiik (5 mm) yagis
almasidir. Ayn1 zamanda bu yilda 6nceki ve sonraki
birkag yila kiyasla mayis-haziran ortalama
sicakliklar1 diisiik olmustur. 1935 ve 1985 yillarinda
ise, subat-agustos donemindeki diisiik yagislarla
birlikte = mayis-haziran  donemindeki  yiiksek
sicakligm yarattig1 kuraklik stresi ve ocak aymdaki
yiiksek yagislarin birlikte etkisiyle Uludag goknari
agaclarmm  yillik  halkalarnin  dar  oldugu
goriilmektedir. Bu bolgede, en yiiksek olgiilen kar
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kalinligt Ocak ayinda meydana gelmistir. Ocak
ayinda daha ¢ok kar seklinde diisen yagisin
vejetasyon donemini geciktirmesi ya da fizyolojik
bir kuraklik yaratmasi (Thomsen, 2001) nedeniyle
agaclar dar wyillik halka olusturacaklardir. 1968
yilinin subat-agustos doneminde ortalamaya yakin
miktarda yagis almasina ragmen (296 mm) agaglarin
dar yillik halka olusturduklar1 goriilmektedir. Bunun
nedeninin  mayis-haziran donemindeki yiiksek
sicakliklar ve ocak aymndaki yiiksek yagis miktari
oldugu soylenebilir.

Bu makalede, Kastamonu, Kiire, Kayaarkasi
mahallesi ~ mevkiinden ~ 1887-2006  doénemini
kapsayan 120 yil uzunlugunda iklime duyarli bir
Uludag goknari yilik halka kronolojisi olusturulmus,
sicaklik ve yagis parametrelerinin yillik halka

gelisimi  {izerindeki etkisi incelenmistir. Tklim
degisikliginin  ormanlar {izerindeki etkilerinin
tartigildigt  bu  giinlerde, iklim  degisikligi

senaryolarma gore ormanlarm verecegi olasi tepkiler
lizerindeki arastirmalarm her gecen giin sayisi
artmaktadir. Bu anlamda, makalenin sonuglart séz
konusu arastirmalara 151k tutacaktir.
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